https://doi.org/10.17221/224/2019-AGRICECON ket environment (Bojnec et al. 2012) . Previous analyses of the efficiency of agriculture in Central and Eastern Europe showed that agricultural production in these countries is less efficient in comparison to the original member states, also known as the EU15 (Nowak et al. 2015) . Previous research has also indicated a decrease over time in the efficiency of agriculture in EU countries (Kocisova 2015) .
Also, a significant gap still exists between the newer member states and the EU15, especially in terms of labour productivity (Matkovski et al. 2016 ). This can be partially explained by the different specialisation patterns in these two regions. Central and Eastern European countries are more focused on cereal and raw-material based production, while in the EU15, animal-and processed product-based production results in higher value added per worker (Csaki and Jambor 2019 ).
An analysis of the competitiveness in the Western Balkan countries during the period of EU integration reveals a significant increase in the foreign trade of agricultural and food products, primarily as a result of market liberalization (Matkovski et al. 2018) , but their level of agricultural productivity is significantly lower than in the EU countries. Productivity improvements require a longer period to implement structural changes and adjustments to agricultural policy . Studies analysing the efficiency of the agricultural sector in Western Balkan countries a part of EU integration are rare. Therefore, in this study, we investigated technical efficiency in agriculture, which is determined by the relationship between used inputs and produced output. We used the Data Envelopment Analysis (DEA) because it is one of the most commonly used tools for assessing efficiency. The advantage of the DEA is its ability to handle multiple inputs and outputs (Kocisova 2015) . Thus, our main objective was to determine the efficiency of agriculture in the Western Balkan countries during the process of EU integration. This paper should answer two main research questions. First, is the agricultural sector in the Western Balkan performing efficiently? Second, how are these countries positioned according to the efficiency of agriculture in comparison to the EU countries? We will also explore the main sources of inefficiency in agriculture and suggest means for improving efficiency in this important sector.
LITERATURE REVIEW
In previous decades, productivity and efficiency become significant factors influencing economic devel-opment at both micro and macro levels. As a result, various quantitative methods are used to properly measure efficiency. These methods can mainly be divided into two fundamentally different groups: parametric and non-parametric. The parametric approach is primarily based on advanced regression analysis, while non-parametric methods use mathematical programming to measure and compare efficiency. The DEA has become a very popular non-parametric method for efficiency analysis, and it can be successfully applied in a range of different fields, from measuring economic growth on a macro level (Skare and Rabar 2015) to applications in finance, education, health care, tourism, and, most importantly, to agriculture. Table 1 presents a literature review of papers in which the DEA was applied to agriculture, which motivated the research presented here. The selection of references in the literature review was predominantly determined according to similarities to our research in terms of the methodology used and the regions analysed. Of particular interest is Blazejczyk-Majka and Kala (2015), who combined the parametric and non-parametric approach in order to reduce discrepancies among the results obtained. This combined method was used to calculate the technical efficiency of agricultural production in the USA and selected regions in the EU.
A detailed search of the literature revealed a lack of research focused on the technical efficiency of agriculture in the Western Balkan countries, and no comparative analysis of these countries to the EU countries was found. To the best of our knowledge, no studies have been conducted in this field. Therefore, this paper should contribute to filling this gap in the literature.
METHODOLOGY
The main purpose of this study is two-fold: to investigate the relative technical efficiency of agriculture in the Western Balkan countries using the DEA, and to provide a comparative analysis with the EU countries. Efficiency as a relationship between achieved outputs and used inputs was introduced by Farrell (1957) , who defines the term technical efficiency as the ability to obtain a maximal output with a given set of inputs. Two decades later, Charnes et al. (1978) developed the DEA method, which is now a commonly used mathematical technique for measuring efficiency in various fields. Charnes et al. (1978) The results in this paper showed that Slovenian farms are relatively highly efficient.
Also, results showed that five farm branches (crop, dairy, livestock using feed from the same farm, fruit and forestry) are fully efficient, so these specialisations have the best chance of competing on the European and world market.
Bojnec et al. crop output, livestock output The results showed that crop output per ha and livestock output per livestock unit are key output determinants of production efficiency. Also, input results showed that efficient regions had higher land productivity, labour productivity, energy productivity, capital productivity and productivity of contract work than inefficient regions. Kocisova (2015) 2007-2011 EU inputs: labour, land, capital outputs: crop output, animal output The results in this paper showed the efficiency of the EU agricultural sector had decreased over time and the main source of inefficiency was input labelled "total utilised agricultural area.
Nowak et al.
2010 EU inputs: labour, capital, land outputs: agricultural production values This paper indicates that the difference between the states with the highest and the lowest efficiencies is 40. The results in this paper showed that the most efficient agriculture in the analysed period was identified for the EU15.
Le et al. 
where: n -number of DMUs; DMU o -country being evaluated. (Kocisova 2015) . Since this is not the case in our study, we used the BCC model (Banker et al. 1984) instead, which allows the variable return to scale. In our study, we applied the input-oriented BCC model to calculate and compare the relative technical efficiency of agriculture in the Western Balkan countries with that of the EU. The input-oriented DEA model attempts to determine the maximum possible proportional reduction in usage of inputs while keeping the levels of achieved outputs constant. The DEA is carried out by solving the follow-https://doi.org/10.17221/224/2019-AGRICECON Assume that we have s output variables and m input variables. Observed output and input values are y r and x i respectively, thus y ro is the amount of output r used by DMU o, while x io is the amount of input i used by DMU o . r s  and i s  are the output and input slacks. λ is the DMU's weight and ε is a non-Archimedean element smaller than any positive real number. The efficiency score is θ.
As previously mentioned in the literature review, authors have used different variables for inputs and outputs to analyse technical efficiency in the agricultural sector. Most authors used labour, land, and capital as aggregate input variables, and they used agricultural production (crop and livestock production) as output variables. Our study assessed the change in technical efficiency in agriculture for five Western Balkan countries and the EU countries for the period 2006-2016. It is important to note that Croatia was omitted from the DEA model due to a lack of data on capital stock. Kosovo, which has a special UN status as a UN protectorate, was also excluded from our analysis due to a lack of data available in the FAOSTAT database, which is a particular problem for researchers and policymakers (Osmani et al. 2013) . Therefore, three inputs were used in the DEA model: -labour input was measured by the number of people working in agriculture, and data were retrieved from The World Bank database (The World Bank 2019); -land input was measured by the number of hectares of agricultural land expressed in thousands of hectares, and data were retrieved from the FAOSTAT database (FAOSTAT 2019); -capital input was measured by capital stock in agriculture as the value of gross fixed capital formation of agriculture, forestry, and fishing, expressed in millions of USD (current prices), and data were retrieved from the FAOSTAT database (FAOSTAT 2019). Capital stock includes a country's physical investment in its agriculture (Le et al. 2019 ). The output of agricultural production was selected as the only output variable in the DEA model. Agricultural production was measured as the total value of agricultural production (net production value in constant 2004-2006 in 1 000 International Dollars I$). The data was retrieved from the FAOSTAT database (2019). The descriptive statistics for these variables are presented in Table 2 .
RESULTS AND DISCUSSION
In all countries of the Western Balkan, agriculture is of substantially greater economic importance than it is in the EU, and agriculture is also an important factor in maintaining social equilibrium as it employs a large portion of the rural population . Moreover, in all Western Balkan countries, agriculture is still very important to the overall economy: about 23% of the population works in this sector, agriculture contributes about 11% in total GDP, and agri-food products comprise approximately 13% of total exports (Figure 1) .
Partial productivities in agriculture are significantly worse in Western Balkan countries than in the EU (Figure 2) . This discrepancy is particularly evident in labour productivity, where the gap between the countries of the Western Balkan and the EU is 1 : 4.7. The gap in land productivity is less evident at 1 : 1.5, although some countries (e.g. Montenegro and B&H) have very low efficiency in total agricultural land use, which is a consequence of the structure of the land itself. 1 The reasons for weak performances vary, and they are difficult to resolve in the short term without substantial changes. There are significant challenges due to a low level of knowledge and education among farmers, weak extension services, and deficient rural financial services help introduce modern production methods or invest in new technologies . Even though Kosovo was not included in this analysis, the agricultural situation there is not favourable either. According to Latruffe and Desjeux (2014) , one of the reasons for this is stagnation due to the majority of farms being used for individual consumption rather than for the open market.
The results obtained from the BCC input-oriented DEA model are shown in Figure 3 and Table S1 [Table S1 in electronic supplementary material (ESM); for the supplementary material see the electronic version]. The highest average technical efficiency was achieved in the EU15 countries for the entire tenyear period, and this finding is consistent with similar previous research (Kocisova 2015; Nowak et al. 2015) . The values of the average efficiency score lie between 0.65 (achieved in 2009) and 0.75 (achieved in 2011). The countries that joined the EU after the EU15 was formed were grouped as the "new" EU member states. The minimum average efficiency score of 0.38 https://doi.org/10.17221/224/2019-AGRICECON was obtained in 2012 for the "new" states, while the maximum score of 0.56 was obtained in 2016. The Western Balkan countries are characterised by the lowest average efficiency scores, which were between 0.32 (in 2008 and 2015) and 0.56 (in 2010). The difference between the average efficiency score in the "new" EU member states and Western Balkan countries is not large, but both groups of countries are behind the EU15 (Figure 3) . The countries with the consistently highest relative technical efficiency score in this 10-year period are Belgium, France, Germany, Italy, and the Netherlands [Table S1 ; Table S1 in electronic supplementary material (ESM); for the supplementary material see the electronic version].
The important advantage of the DEA technique is that it can be used to identify the source of inefficiency and indicate necessary improvements in how inputs and/or outputs are utilized. The projections of input and output variables for 2016 are presented in Table S2 [ Table S2 in electronic supplementary material (ESM); for the supplementary material see the electronic version]. These projections are in fact guidelines for decision-makers on how to improve the efficiency of the agricultural sector. This means the results of the research presented here can be used in making effective political decisions concerning agricultural policy, which can be useful in defining agricultural support measures that will contribute to increasing efficiency when using certain inputs. In other words, guidance has been provided to formulate such a model of support for agriculture that would focus on reducing the gap in the technical inefficiency in agriculture between the Western Balkan countries and the EU countries, which will only be possible if inefficiently used inputs are identified. This should be the starting point for formulating agricultural policy mechanisms that would reduce or completely neutralize the relatively inefficient use of production factors. The high level of technical efficiency in the "old" EU member states stems from a generally high level of economic development and from the EU model of agricultural policy. Specifically, in its first three decades, the Common Agricultural Policy (CAP) was predominantly oriented towards production coupled methods to support agricultural production. The results were significant capital investments and accelerated intensification in agricultural production, which is evident from the level of partial productivity in agriculture in the EU (Figure 2) .
The lower level of partial agricultural productivity in the Western Balkan countries (Figure 2 ) basically shows lower efficiency in the use of the primary production factors (labour and land), resulting in the inefficient use of total inputs. The reasons for the lower level of partial productivity, and thus inefficient agricultural production, should be sought in the structure of agricultural production, which is relatively extensive in the countries of the Western Balkan where there is a predominance of plant production (most often dry land farming) and long-term stagnation in livestock production. Also, the structural problem creates a fragmentation of farms with widespread small, semi-natural households with low level capital investments. Typical for all countries of the Western Balkan is the very small average size of agricultural holdings: the average for the Western Balkan countries is 2.51 ha/agricultural holding (Lovre 2016) . This ownership structure significantly limits the penetration of capital into the agricultural sector and slows down the processes of agricultural modernisation that transform this economic sector from labour-intensive to capital-intensive. Such farms have hidden unemployment, i.e. inefficient use of labour inputs, which is particularly evident in Albania but is also present in other Western Balkan countries. Although the land is used more efficiently, a large number of commercially oriented farms are focused on plant production, so the lack of livestock unit per ha of agricultural land significantly limits efficient land use.
CONCLUSION
The main goals of this paper were to compare the relative technical efficiency of agriculture in the Western Balkan countries to the EU and to propose ways to improve these countries' position. An input-oriented DEA model with variable return to scale was applied in which input variables in the model included labour, land, and capital, while output was represented by the value of agricultural production. The linear programming model [Equation (1) The results clearly show the average relative technical efficiency of agriculture in the Western Balkan countries is noticeably worse than in the EU countries. This study also discovered the sources of this inefficiency in agriculture in the countries that were studied. The main problem of agricultural inefficiency in the Western Balkan countries stems from poor results in labour productivity. This is a consequence of agriculture's unfavourable resource structure, which is mostly due to fragmented ownership and the slow development of the non-agricultural sector that does not have the capacity to accept a surplus of labour from agriculture.
Research into the technical efficiency of agriculture, the main objective of this paper, identifies sources of inefficiency, and the purpose was to identify potentials for improving the efficiency of agricultural production in the Western Balkan countries. In this context, the implications of this paper are reflected in the competent indicators of the position of agriculture in these countries in comparison to the EU. These contribute to a better understanding of the agricultural situation in the Western Balkan countries, which could be important during pre-accession negotiations with the EU. More specifically, the results of this paper can be used by policymakers to identify which factors improve or degrade the efficiency of agriculture. Also, agricultural producers can benefit from this research, as their decisions about how to utilize inputs and outputs are vital for agricultural efficiency. The novelty of this research is an in-depth analysis of the technical efficiency of agriculture in the Western Balkan countries, which is explained over time in the context of the EU integration process. As this paper identified the factors affecting technical efficiency, the focus of our future research will be advanced econometric modelling of the impact of these factors. This paper, however, does have some limitations. Data from the FADN database were inaccessible and therefore could not be used, and Croatia and Kosovo were not included in the analysis due to a lack of data in the FAOSTAT database. Furthermore, the most significant qualitative limitation of this research is the absence of proposed agricultural policy measures, which would have improved the research conducted in this paper. This should be the subject of future studies.
